INTRODUCTION
Rice (Oryza sativa L.), an agricultural crop is a member of the family Gramineae (Poaceae) is one of the agronomically and nutritionally important cereal crops. It is a staple food grain in Asia, providing food to more than half of the world population (Chong and Deng, 2007) and is cultivated on about one-tenth of the earth's land suitable for growing crops (El-Shabrawi et al., 2010). It places next to wheat (Chakravarthi et al., 2006) . To meet up the growing demand for rice, it has been estimated that global annual rice production needs to be increased from the present 560 million tons to 850 million tons by 2025 (Khush and Virk, 2001) . Recently, Salt stress is the second most widespread soil problem in rice growing countries next to drought and considers as major restriction to cereal production worldwide (Gregorio et al., 1997) . As a result, development of salt tolerant rice varieties have become a demand for increasing rice production in saline prone coastal regions. Screening a large number of genotypes for salt tolerance is not easy. Salinity affects plants at all stages of development, but the response of rice to salinity varies with growth stage. Rice is susceptible to salinity during two periods of its growth cycle. The first is the seedling stage and the second begins a few days before panicle initiation and ends with flowering and pollination. Screening of rice germplasms for salt tolerance at seedling stage is accepted readily because it is based on a simple criterion of selection, it facilitates rapid screening of large number of materials and the results are reproducible. Screening under controlled condition has the advantage of reduced environmental effects and the hydroponic system is free from the problems associated with soil related stress factors. Breeding for salt tolerance using conventional screening and selection methods have been limited by the complex and polygenic nature of salt tolerance trait (Gregorio et al., 1997) . This hinders the development of an accurate, rapid and reliable screening technique. However, with the progress in plant biotechnology, as an aiding tool to traditional breeding, molecular markers technique has become a powerful tool to improve salt tolerance of rice by mapping and tagging of genes involved in the control of growth and yield under stressful environments (Haq et al., 2009 ). Amongst the DNA markers, the microsatellites also known as simple sequence repeats (SSRs) are useful as genetic markers because they detect high levels of allelic diversity and immensely used in marker assisted selection (MAS). Microsatellite markers based on SSRs have been developed in many crop species including rice, tomato, soybean and others. A very large quantity of microsatellite markers is now easily able to be used through the published high-density linkage map (McCouch et al., 2002; IRGSP., 2005) . SSR Marker could be applied to trace the flow of genes or QTLs of interest in rice (Islam., 2004) and to make a forecast about the outcome of crossing and selection programs that will help for cultivar development. The present study has been carried out to screen rice genotypes under salinized and nonsalinized conditions and to find out suitable microsatellite markers for the detection of salt tolerant genotypes at the seedling stage.
MATERIAL AND METHODS

Plant materials
The experiment was conducted at the BINA glasshouse and Biotechnology Laboratory of Biotechnology Division, Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh, Bangladesh .Ten rice genotypes with widely varied genetic background were used in this study. These genotypes (tab 1) were collected from the Bangladesh Institute of Nuclear Agriculture (BINA). 
Data Collection
The data were collected from the screening at seedling stage in both nonsalinized and salinized conditions following IRRI Standard Evaluation System (Gregorio et al., 1997). Leaves, shoots and roots of individual rice plant were collected from glasshouse and kept into separate packet in a convection oven for 5 days at 60 o C for drying and then weighted using a digital weight machine. % of reduction of total dry matter, % reduction of shoot length and root length were calculated as follows: Total Dry Matter (TDM) = dry weight of leaves + dry matter of roots + dry matter of shoots. Percent of reduction of total dry matter (RTDM) = {(TDM at control condition-TDM at saline condition) / TDM at saline condition} 100. Percent of reduction of shoot length (RSL) = {(shoot length at control conditionshoot length at saline condition)/ shoot length at saline condition} 100. Percent of reduction of root length (RRL) = {(root length at control conditionroot length at saline condition)/ root length at saline condition} 100.
Genotyping of salinity tolerance
For isolation of genomic DNA, young, actively growing fresh leaves were collected from 21-day old seedlings. DNA was extracted from rice leaves using the IRRI miniprep protocol. Ten SSR primer pairs were selected on the basis of the published rice microsatellite framework map for the genetic diversity analysis of the 10 rice genotypes (Tab 2). For checking amplification, the PCR products were electrophoreticaly resolved in vertical electrophoresis tank, run on 8% polyacrylamide gels in 1% TBE buffer. The gel was soaked in ethidium bromide (10 mg/ml) solution for 20 minutes. The gels were viewed by the GEL Doc. The size of the amplified fragments was determined by comparing the migration distance of amplified fragments relative to the molecular weight of known size markers, 20 base pairs (bp) DNA ladder using Alpha-Ease FC 5.0 software (Alpha Innotech, USA). The number of alleles per locus, major allele frequency, gene diversity and PIC values were calculated using PowerMarker version 3.25 (Liu & Muse., 2005) . All the genotypes were scored for the presence and absence of the SSR bands throughout all 10 genotypes and the data were exported to binary data for further analysis with NTSYS-pc version 2.2 (Rohlf., 2002) NTSYS-pc was used to construct a UPGMA (unweighted pair group method with arithmetic averages) dendrogram showing the distance-based interrelationship among the genotypes.
RESULTS AND DISCUSSION
Screening of genotypes for salt tolerance at seedling stage
All genotypes were grown robustly and showed uniform green colour and height in the non-salinized condition. In salinized condition, the genotypes showed wide variation in phenotypes ranging from score 1 (highly tolerant) and score 9 (highly susceptible) ( Among the ten tested genotypes, salinity tolerant germplasms were Binadhan-8, Binadhan-10, FL-378 and FL-478. Three salt susceptible genotypes were identified as Binadhan-7, Cherang sub-1, Samba Mashuri sub-1. NARICA-1, NARICA-4, and NARICA-10 were identified as highly salt susceptible genotypes. Salinity affected the plant height, root length and total dry matter (Tab 4). 
Screening with SSR markers
Ten markers were used to evaluate genotypes for salinity tolerance. Amplified microsatellite loci were analyzed for polymorphism using polyacrylamide gel electrophoresis and the result revealed that all the primer pairs detected polymorphism among the rice genotypes analyzed. Microsatellite profiles of 10 rice genotypes at loci RM7075, RM10748, RM3412b, AP3201b, RM407 were shown in Figure 2 . The result revealed that all the primer pairs were detected polymorphism among the rice genotypes analyzed. 
Size and frequency of alleles
In respect of primer RM3412b allele size ranged (102bp-114bp), whereas primer RM7075 gave a range from 128bp to 154 bp, primer RM407 gave a range from 169bp to 178bp, primer RM10748 gave a range from 127bp to 137bp, primer AP3206f gave a range from 141bp to 151bp, RM510 primer give a range from 148-157bp, RM8094 primer give a range from 162-176 bp, RM366 primer give a range from 151-201 bp (Tab 5). 
Number of alleles per locus
Using 10 SSR markers, a total of 61 alleles were detected among the 10 rice genotypes. The average number of allele per locus was 6.1, with a range of 3 (AP3206f) to as many as 9 (RM336) (Tab 5). Nearly similar observation (Jain et al., 2004) was found where the number of allele per locus ranged from 3 to as high as 22 with average number of allele per locus 7.8.
Rare Alleles
An allele observed in less than 5% of the 24 accession was considered to be rare allele (Jayamani et al., 2007). In general marker detecting a greater number of alleles per locus detected more rare alleles.
Allele size range
The size variation between the smallest and the largest allele at a given SSR locus was correlated with the number of alleles per locus. Thus, RM510 presented the smallest allele size range (9bp) and had 7 alleles in RM510, while RM336 had the largest number of alleles (9) with a allele size range (50 bp) (Tab 5). The other primers such as RM7075 showed allele size range 26 bp, whereas RM10748 had the allele size range 10bp.
Gene diversity
According to Nei's (Nei., 1973 ) the highest level of gene diversity value (0.88) was observed in loci RM336 and RM8094, the lowest level of gene diversity value (0.62) was observed in loci AP3206f with a mean diversity of 0.77 (Tab 5). It was observed that marker detecting the lower number of alleles showed lower gene diversity than those detected higher number of alleles which revealed higher gene diversity. The maximum number of repeats within the SSRs was also positively correlated with the genetic diversity.
PIC values
As a measure of the informativeness of microsatellites, the PIC values ranged from a low of 0.54 (AP3206f) to a high of 0.86 (RM336) and averaged 0.74 (Tab 5). PIC values also showed a significant, positive correlation with the number of alleles and allele size range for microsatellites evaluated in this study. The allele size range and the number of alleles were themselves also highly correlated.
Major allele
Major allele is defined as the allele with the highest frequency and also known as most common allele at each locus. The frequency of the most common allele at each locus ranged from 20% (RM336, RM407 and RM510) to 50% (RM585 and AP3206f) with a mean frequency of 32%. The average number of sample size was 10 with an average number of observations 10. The size of the different major alleles at different loci ranges from 110bp (RM3412b) to 174bp (RM585).
Genetic distance-based analysis
Pair-wise comparisons of Nei's (1973) genetic distance (D) between varieties were computed from combined data for the 10 primers, ranged from 0.30 to 0.90 (Tab 6). Comparatively higher genetic distance (0.90) was observed between a numbers of genotypes. Some of these are Binadhan-7 vs. NARICA-1, Binadhan-7 vs. NARICA-4, FL478 vs. NARICA-1, FL478 vs. NARICA -4 , FL478 vs. Ciherang-sub1, Binadhan-8 vs. NARICA-1, Binadhan-8 vs. NARICA-4, Binadhan-8 vs. FL-378, NARICA-1 vs. Cherang-sub1 , NARICA-4 vs. Ciherangsub1 , NARICA-6 vs. Samba Mashuri-sub1 , Binadhan-10 vs. FL-478 . The lowest genetic distance (0.300) was found in Narica-1vs Narica-4 variety pair. The average genetic distance among the 10 rice genotypes was quantified as 0.86.
Similarity Index Based Analysis
In this study, the diversity was ranged from 0.00 to 0.70 (Tab 7). 
Genetic similarity analysis using UPGMA (Unweighted Pair Group Method of Arithmetic Means)
A dendrogram was constructed based on the Nei's genetic distance calculated from the 61 SSR alleles generated from the 10 rice genotypes. All 10 rice genotypes could be easily distinguished. The UPGMA cluster tree analysis led to the grouping of the 10 genotypes into 2 major clusters ( Figure 3 ).
Figure 3
Dendrogram for 10 rice genotypes derived from a UPGMA cluster analysis
DISCUSSION
In rice, substantial progress has been made in understanding the biology and genetics of tolerance as well as in incorporating tolerance into modern cultivars. Rice plants are most vulnerable to salt stress at seedling stage. Thus, the objectives of this study are to screen salt tolerant rice genotypes at seedling stage and to identify salt tolerant genotypes using SSR markers. Ten rice genotypes were used for screening salinity tolerance showed wide variation in phenotypes. The symptoms were prominent on the first and second leaves and were visualized by leaf rolling, formation of new leaf, brownish and whitish of leaf tip, drying of leaves and also reduction in root growth, stunted growth, and stem thickness leading to complete cessation of growth and dying of seedlings occurred (Gregorio et al., 1997 Variety pair with higher value is more dissimilar than a pair with a lower value. The lowest genetic distance (0.30) was found in Narica-1vs Narica-4 variety pair indicating that they are genetically much closer among the varieties. This outcome is comparable to the result reported by Nagaraju (2002) where a sub set of 3 rice groups (including traditional and evolved Basmati and semi dwarf nonBasmati) was analyzed by using 19 SSR loci and 12 inter-SSR-PCR primers where the lowest genetic distance was among the traditional Basmati varieties, while the EB varieties showed the highest genetic distance by both the marker assays and also the average genetic distance for the indica and japonica were 0.67 and 0.48 respectively. A similarity index determines how closely the current plant community resembles either the potential natural community or some other references community. The similarity index provides a distinct measurement in landraces screening and diversity analysis after Nei's genetic distance based analysis. When the value is zero, it indicates that, there is no similarity between the variety pair. In this experiment, Highest similarity value was observed between those varieties pairs which showed lowest genetic distance value in Nei's genetic distance based analysis. The lowest similarity value was observed in most of the varieties just as the highest genetic distance was observer in most of the varieties. Finally, The UPGMA cluster analysis of genetic similarity using Dice coefficient showed that all 10 rice genotypes could be easily distinguished based on the information generated by the 10 SSR markers. As expected, cultivars were separated in two clear groups. The 10 SSR markers also allowed the distinction among accessions studied. The results support the contention that SSR marker systems can distinguish genetically close breeding lines and cultivars, and validate their use in the characterization of rice genotypes accessions.
CONCLUSION
In this study, 10 rice genotypes were grown in hydrophonic system, in both salinized and non salinized conditions. From this, 4 tolerant rice genotypes viz. FL-378, FL-478, Binadhan-8, and Binadhan-10 were finally identified phenotypically. This study also indicates that SSR technique is simple, rapid and efficient in detecting genetic variability. Eventually, this study will be useful for developing salinity tolerant varieties. Genetic diversity found at the DNA level could be used for designing effective breeding programs aiming to broaden the genetic bases of commercially grown varieties.
Engineering and Biotechnology, Shahjalal University of Science and Technology, Sylhet, Bangladesh.
